
 

120 kA 脉冲电抗器在振荡放电电路中的电磁场
分布优化

李振瀚 1，李华 2，✉，鲍晓华 1，高格 2

（1. 合肥工业大学 电气与自动化工程学院, 安徽 合肥 230009；

2. 中国科学院合肥物质科学研究院 等离子体物理研究所, 安徽 合肥 230031）

摘要： [目的]脉冲电抗器是失超保护系统振荡放电回路中的重要组成部分。在振荡放电回路中，利用脉冲电抗器与

充电电容器振荡产生高脉冲电流，使流过真空断路器的电流反向以创建人工过零点，完成开关分断。但是在通入

120 kA 电流的工况下，由于受到电磁力的作用，脉冲电抗器下方连接排会发生形变，造成设备损坏，大大降低辅助

振荡过零回路的可靠性。因此需要对 120 kA 脉冲电抗器进行电磁场分析，优化其周围电磁场分布。[方法]首先分析

辅助振荡过零电路的换流过程，建立脉冲电抗器三维模型，引入磁场屏蔽百分比的概念。其次，通过使用有限元仿

真软件计算了不同材料和形状的屏蔽板对脉冲电抗器电磁场分布的影响。分析了不同材料和形状对屏蔽百分比的影

响，计算了不同形状下的涡流损耗。最后在结构模块中计算了不同屏蔽结构下的连接排形变程度。[结果]屏蔽板采

用不同材料或结构对连接排受到的磁感应强度和电磁力有影响。[结论]圆形铝屏蔽板对脉冲电抗器电磁场分布的优

化效果更好。该方法也为脉冲电抗器的电磁屏蔽设计奠定了基础。
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Optimization of Electromagnetic Field Distribution of 120 kA Pulse Inductor in
Oscillation Discharge Circuit
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Abstract: [Introduction] Pulse inductor is an important component of the oscillation discharge circuit in the quench protection system.

In  the  oscillating  discharge  circuit,  the  pulse  inductor  and  charging  capacitor  are  used  to  oscillate  and  generate  high  pulse  currents,

causing the current flowing through the vacuum circuit breaker to reverse and create an artificial zero-crossing point, thus completing the

switch  breaking.  However,  under  the  condition  of  120  kA  current,  due  to  the  action  of  the  electromagnetic  force,  the  connecting  bar

below the  pulse  inductor  will  deform,  causing  equipment  damage and greatly  reducing  the  reliability  of  the  auxiliary  oscillation  zero-

crossing  circuit.  Therefore,  it  is  necessary  to  conduct  electromagnetic  field  analysis  on  the  120  kA  pulse  inductor  and  optimize  the

electromagnetic field distribution around it. [Method] Firstly, the commutation process of the auxiliary oscillation zero-crossing circuit

was analyzed to establish a three-dimensional model of the pulse inductor, and the concept of magnetic field shielding percentage was

introduced.  Secondly,  the  influence  of  shielding  plates  with  different  materials  and  shapes  on  electromagnetic  field  distributions  was
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calculated by using finite element simulation. Then the influence of different materials and shapes on shielding percentage was analyzed,

and  eddy  current  losses  under  different  shapes  were  calculated.  Finally,  the  deformation  degree  of  the  connecting  bar  under  different

shielding structures was calculated in the structural module. [Result] The results show that the use of different materials or structures in
the shielding plates influences the magnetic induction intensity and electromagnetic force received by the connecting bar. [Conclusion]
The circular aluminum shielding plate has a better optimization effect for the electromagnetic field distribution. This method also lays a

foundation for the electromagnetic shield design of pulse inductors.

Key words: pulse inductor; shielding plate; shielding percentage; auxiliary oscillation; quench protection system
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0    Introduction

Large  superconducting  magnet[1-3]  is  commonly

used in magnetic confinement fusion devices to provide

strong  magnetic  field  for  confining  the  plasma.  The

quench  accident,  which  means  the  superconductor

suddenly  changes  from  zero  resistance  state  to  normal

state resistance state, can cause a rapid temperature rise

with  high  Joule  heat  and  even  burn  the  magnet[4-8].

Therefore,  the  quench  protection  system  (QPS)[9-12]  is

essential for the safe operation of superconductors.

The  topology  of  QPS  in  the  comprehensive

research  facility  for  fusion  technology  (CRAFT)  is

shown  in  Fig.  1,  where  the  auxiliary  oscillation  zero-

crossing circuit consists of the charging capacitor, pulse

inductor  and  four  thyristor  stacks.  The  bypass  switch

carries  a  steady  state  of  100  kA  current,  the  vacuum

circuit breaker (VCB) can interrupt the high current with

the  auxiliary  oscillation  zero-crossing  circuit,  and  the

fast discharge resistor is used to consume energy stored
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in  the  magnet.  The  control  logic  and  current  transfer
diagram of QPS[13-15] are shown in Fig. 2.
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Fig. 2　Control logic and current transfer waveform of QPS
 

However,  under  high  current  conditions,  the  pulse
inductor  generates  a  magnetic  field,  which  subjects  the
connecting  devices  within  the  auxiliary  oscillation
circuit  of  QPS  to  electromagnetic  forces,  leading  to
deformation. Consequently, the reliability of the QPS is
significantly  reduced.  Therefore,  it  is  necessary  to
analyze  and  optimize  the  magnetic  field  of  pulse
inductor.

In  this  paper,  the  working process  and importance
of  pulsed  inductors  in  the  auxiliary  oscillation  zero-
crossing  circuit  are  introduced  in  detail.  The  magnetic
induction intensity of the pulse inductor at any point in
space  can  be  calculated  by  using  an  equivalent
mathematical  model  based  on  the  physical  model,  and
simulations can be used to determine the distribution of
the magnetic field around the pulse inductor and how it
affects  the  nearby  equipment.  The  ideal  selection  of
shielding  plate  material  and  shape  is  covered  in  this
paper  along  with  an  electromagnetic  shielding  method
that is suggested. The findings have broad repercussions
for upcoming reliability research on auxiliary oscillation
zero-crossing systems[16-18].  

1    Theoretical calculation of pulse inductor
  

1.1    Design  of  electrical  parameters  of  pulse
inductor
In  the  QPS,  the  commutation  circuit  generates  a

high  amplitude  pulse  current  by  using  the  charging

capacitor  to  oscillate  with  a  pulse  inductor.  The  pulse

current  flows  in  reverse  through  the  main  circuit

vacuum switch, creating an artificial zero-crossing point

for it to shut down. A simplified diagram of the current

transfer process is shown in Fig. 3.
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Fig. 3　Simplified diagram of current transfer process
 

In Fig.  3,  the  thyristor  T  control  is  turned  on,  and
the  charging  capacitor  and  pulse  inductor  release  the
reverse  pulse  current  to  the  vacuum  switching  branch,
thus  forcing  the  current  down  to  achieve  zero-crossing
shutdown. Assuming that the thyristor is turned on at t0,
the  VCB current  decreases  to  zero  at  t1.  The  analytical
equations  of  the  circuit  in  this  process  are  obtained  as
follows:

I0 = iV+ iC （1）

uc = Uco−
1
C

w
iCdt （2）

iC =C
duc

dt
（3）

In the above equation:

I0    —— magnet current (A);

iV    —— VCB current (A);

iC    —— artificial zero-crossing loop current (A);

Uco  —— charging capacitor voltage (V);

uc    —— capacitor voltage (V).

After  derivation,  the  following  equations  are

obtained.

iV = I0−Uco

√
C
L

sin

√ 1
LC

(t− t0)

 （4）
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iV = I0−Uco

√
C
L

sin

√ 1
LC

(t− t0)

 （5）

uc = Ucocos

√ 1
LC

(t− t0)

 （6）

The pulse inductor in the converter communication
circuit  plays  the  role  of  regulating  the  pulse  current
width  and  controlling  the  pulse  current  amplitude  and
rate  of  change,  and  plays  a  vital  role  in  whether  the
vacuum  switch  can  be  turned  off  reliably.  Therefore,
communication circuit parameters need to be calculated.

As  shown in Fig.  4,  the  auxiliary  oscillation  zero-
crossing  circuit  consists  of  charging  capacitor  C,  pulse
inductor L and thyristor bridges (T1, T2, T3, T4), which
can  realize  bidirectional  fault  current  opening  and
closing,  S1  is  the  charging  circuit  control  switch  of
charging  capacitor,  Rc  is  the  charging  current  limiting
resistor; S2 is the discharging circuit control switch, R1 is
the discharging resistor of charging capacitor.
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Uco

Based  on  the  technical  parameters  in  Tab.  1,  the
oscillation  discharge  loop  parameters  were  determined.
For  the  magnet  supply voltage level,  the  preset  voltage
of the commutation circuit   is 12 kV, and the initial
rise  rate  of  the commutation pulse  current  is  controlled
below 190 A/μs,  ignoring the  influence of  the  thyristor

bridge arm parameters on the commutation process.
Uc

L
⩽ 190 A/µs （7）

L ⩾ 63.2The calculation shows that   μH, the actual
use of 66 μH.

k

IP

Considering  the  current  margin,  taking  the  safety
circulating current factor   = 1.2, the peak commutation
 current is shown as Eq. (8):

IP = Uc

√
C
L
= kIm = 1.2×100 kA = 120 kA （8）

  

2    Inductor  design  and  commutation
problems

  

2.1    Pulse inductor design
Copper  conductor[19]  is  chosen  as  the  inductor

material  based  on  the  pulse  inductor's  operating
circumstances, the needed stray parameters, cost perfor-
mance  requirements,  and  space  requirements.  The
circular  design  of  the  inductor  coils,  as  seen  in Fig.  5,
effectively  avoids  the  challenges  presented  by  square
solenoids  and  lessens  the  skin  effect.  The  inductor's
coils  are  roughly  concentrically  arranged,  which  can
equally distribute magnetic stress on the coils and lessen
electromagnetic force damage to the coil structure.
  

Fig. 5　Model diagram of pulse inductor
 

According  to  the  model  and  relevant  calculation
parameters  in  Fig.  6  and  Tab.  2,  the  simulation  of  the
pulsed inductor operating at 120 kA operating condition
is carried out in ANSYS, and the internal magnetic force
line vector diagram and magnetic field cloud diagram of
the  coil  are  obtained.  The  simulation  results  are  shown
in Fig. 7 and Fig. 8.

As  can  be  seen  from  Fig.  7  and  Fig.  8,  the  pulse

 

Tab. 1　Technical parameters of commutation circuit

Technical parameters Value

|di/dt|max/(A·μs−1) 100~200

|du/dt|max/(V·μs−1) 200~500

tcom/μs ⩾ 300

Uco /kV 5~12
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inductor's  maximum  magnetic  induction  intensity  is
12.7 T for a 120 kA pulse current.
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Fig. 7　Inner cloud diagram of coil
   

2.2    Analysis  of  oscillation  discharge  circuit
problems
According  to  Fig.  9,  when  a  pulse  current  of  120

kA  is  supplied  during  the  experiment,  the  copper  bar
linked below the inductor would deform under the effect
of the electromagnetic force, harming the equipment and

significantly  lowering  the  auxiliary  oscillation  zero-
crossing  circuit's  reliability.  Therefore,  we  consider
adding  a  magnetic  shielding  plate  underneath  the
inductor  to  reduce  the  impact  of  the  magnetic  field
generated by the inductor  on the connected copper bar,
thus reducing the damage to the equipment.

S

In  the  paper,  the  concept  of  magnetic  field
shielding  percentage    is  introduced  to  measure  the
shielding  effect  to  compare  the  shielding  effect  of  the
magnetic field. The defining equation is shown as Eq. (9):

S =
B1−B2

B1
×100% （9）

B1——the magnetic induction intensity when there
is no shielding;

B2——the magnetic induction intensity with shiel-
ding.
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Fig. 6　3D model of pulse inductor coil
 

Tab. 2　3D finite element simulation to calculate the relevant
parameters

Parameters Values

×Conductor dimension/mm mm ×25 18

Inside diameter/mm 448

Outside diameter/mm 652

Height/mm 53

Turn number/turn 5

Layer number/turn 2

Excitation current/kA 120

Current frequency/Hz 400
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Fig. 8　Cloud image of surrounding magnetic field
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The model diagram of the connecting bar under the
pulse  inductor,  shown  in  Fig.  10,  is  established
according  to  the  field  object.  The  connecting  bar  is
located  under  the  pulse  inductor  and  consists  of  six
rectangular  copper  bars  connected.  To  obtain  the
magnetic  induction  intensity  on  each  connecting  bar,  it
is numbered as shown in Fig. 11.
  

Thyristor block
Resistance

Pulse inductor

Connection row

Capacitor

Fig. 10　Model diagram of auxiliary oscillation zero-crossing circuit
 

When  120  kA  current  passes  through  the  pulse
inductor,  the  change  in  magnetic  field  intensity  of  the
connecting bar below is observed. Seven lines are taken
evenly on each of the two plates, respectively, and 1 001
points  are  taken  on  each  line.  The  lines  are  spaced  10
mm apart  and  oriented  from side  A to  side  C  (plate  1)

and from side  D to  side  F (plate  2).  The finite  element

simulation  software  Maxwell  is  used  to  simulate  along

the  linear  direction  to  get  the  magnetic  induction

intensity  at  different  distances  along  the  direction.  The

connecting bar point diagram is shown in Fig. 12.

According  to  Maxwell  simulation,  the  magnetic
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Fig. 9　Field diagram of connecting bar deformation

 

Side F

SideE

Side C Side D
Side B

(a)

(b)

Side A

Side D

Side A

Fig. 11　Connecting bar model diagram
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induction  intensity  of  different  points  on  different

straight lines on the connecting bar is obtained, and the

data  is  imported  into  Origin  software  to  observe  the

magnitude  of  magnetic  induction  intensity  at  the  edge

and  non-edge  of  the  connecting  bar,  as  well  as  the

magnetic field distribution pattern.
The  edge  magnetic  induction  intensity  magnitude

tends to rise and then fall overall on plate 1 and plate 2
in Fig.  13.  In  the  interval  of  0.7  m  to  0.9  m,  the  edge
magnetic field intensity on the connecting bar is greater
than  other  points  and  will  be  subject  to  greater
electromagnetic force. In Fig. 14, The magnetic induction
intensity  of  the  connecting  bar  is  the  weakest  and  the
electromagnetic  force  is  the  weakest  in  the  non-edge
area, between 0.4 m and 0.7 m of the plate. Therefore, it
is  necessary  to  shield  the  connecting  bar  to  reduce  the
magnetic  induction  intensity  of  the  connecting  bar,
reduce the  deformation effect  caused by the  electroma-
gnetic force, and improve the reliability of the system.  

3    Electromagnetic  shielding  simulation
analysis

  

3.1    Analysis  of  the  influence  of  shielding  metal
plate material on shielding
First of all, eddy current shielding mainly uses high-

conductivity  shielding  materials  to  generate  eddy
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Fig. 12　Connecting bar point diagram
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currents  under  time-varying  magnetic  fields,  thus
generating  a  magnetic  field  opposite  to  the  initial  one
and offsetting part of the original magnetic field. At the
same  time,  the  generated  eddy  currents  will  generate
losses within the metal shielding body, strengthening the
weakening  of  magnetic  field  energy,  to  achieve  the
shielding effect. Common materials include copper, tin,
etc. The flux shunt principle is the use of high magnetic
permeability  materials,  such  as  iron,  nickel  steel,  and
permalloy. The magnetic lines of force are bound within
the  magnetic  material.  It  will  change  direction  to
achieve the shielding effect[20-21].

The  more  common  shielding  materials  in
engineering  are  aluminum,  copper,  and  iron.  In  this
section,  aluminum,  copper  and  iron  are  selected  for
analysis.  The  rectangular  shield  plate  shielding  is  used
for  simulation.  The  relative  permeability  of  aluminum

and copper is 1, and the relative permeability of iron is
taken  as  500.  The  electrical  conductivity  of  aluminum
is:  3.82×107 S/m,  copper  is:  5.80×107 S/m,  and iron  is:
2.0×107 S/m.

Fig. 15 shows the magnetic induction intensity bar
chart  and  shielding  percentage  line  chart  of  different
shielding  materials,  and  compares  the  difference  of
shielding effect of different materials. In the selection of
different  materials  for  shielding  plates,  iron  has  the
worst shielding effect, while aluminum and copper have
similar shielding effects. Under economic consideration,
aluminum  is  more  economical  than  copper  as  the
magnetic  field  shielding  material.  Therefore,  aluminum
is the best choice for shielding plate material.
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Fig. 15　Magnetic induction intensity and shielding percentage of

different materials
 
  

3.2    Analysis  of  the  influence  of  shield  plate
shape on shielding
For  the  alternating  magnetic  field  in  the  shielded

conductor caused by eddy currents, eddy currents in the
shielding body produce skin effect.  The skinning depth
of  aluminum at  400 Hz was  calculated  as  4.07  mm,  so
the thickness of the plate was taken as 5 mm.

Considering  the  magnetic  field  intensity  distribu-
tion and material economy of the pulsed inductor, three
shielding  structures  are  proposed  below,  as  shown  in
Fig.  16.  Using Maxwell  software,  the magnitude of  the
magnetic  induction  intensity  applied  to  the  connecting
bars under different structures is compared.
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(a) Rectangular (b) Toroidal

(c) Circular

Fig. 16　Shield plate construction
 

Fig. 17 shows the magnetic induction intensity bar
chart and shielding percentage line chart under different
shielding  structures,  and  compares  the  influence  of
different shapes on shielding effectiveness. The compa-
rison shows that  there  are  significant  differences  in  the
shielding effects from different shielding structures.
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Fig. 17　Magnetic induction intensity and shielding percentage of

different structures
 

In Fig.  17,  for  the  circular  shielding  structure,  the
magnetic induction intensity of the connecting bar is the
smallest.  A circular shielding plate is a closed structure
that  can  effectively  reduce  the  penetration  of  radiation
energy, and the surface eddy currents are more uniform
and  denser,  making  it  easier  to  form  a  closed  loop.  In
the  toroidal  shielding  plate,  due  to  the  presence  of
intermittent  structures,  the  eddy  current  effect  may  be
disturbed  or  interrupted,  leading  to  instability  of  the
shielding effect or leakage of the magnetic field in some
areas.  The  interference  of  magnetic  leakage  and  eddy
current  paths  at  the  edge  of  the  rectangular  shielding
plate leads to local concentration of the electromagnetic
field,  thereby  reducing  the  shielding  effect.  The  final

choice  of  a  circular  shielding  plate  can  effectively
reduce  the  magnetic  induction  intensity  of  the
connecting bar and improve the reliability of the system.  

3.3    Calculation  of  eddy  current  loss  of  shield
plate
Eddy  current  loss  will  result  from  the  alternating

magnetic  field's  impact  on  the  shield  plate  at  high
current conditions. It causes energy loss and lowers the
effectiveness of the shield. Furthermore, it will cause the
shielding  equipment's  temperature  to  rise.  As  a  result,
the  design  should  aim  to  reduce  eddy  current  loss  as
much  as  possible,  and  the  right  shielding  structure
should be chosen.

It =
w
Ω
JdΩ =

w
ω

1
µ

(
σ+ jωϵ

) (−jωA−∇∅)dω （10）

F =
1
2

w
Re |J×B|dV （11）

Ohmic-loss calculation formula is shown as Eq. (12).

Pohmic−loss =
w

V

JJ∗

2σ
dV （12）

Where:
It    —— total current (A);
µ   —— permeability of medium (H/M);
σ   —— conductivity (S/M);
∇∅ —— gradient of potential (T/M);
F    —— electromagnetic force (N);
Re   —— the real part of a complex number;
B    —— magnetic field strength vector (T).
The  ohmic  loss  of  the  shield  plate  under  various

structures  is  obtained  by  simulation  using  a  120  kA
current flowing into a three-dimensional time-harmonic
field, as shown in Tab. 3.
 
 

Tab. 3　Ohmic loss of different shielding structures

Shielding structure Ohmic loss/(MW·m-3)

Rectangular 32.733

Toroidal 31.761

Circular 11.199

Because  the  model  contains  multiple  conductors,
the  surface  integral  of  the  ohmic-loss  density  on
different  shielding  bodies  is  calculated  using  a  field
computer,  and  the  eddy  current  losses  of  various
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shielding structures are calculated.

Comparatively,  as  shown  in  Tab.  4,  the  eddy

current  loss  of  the  toroidal  shield  plate  is  the  greatest,

while that of the rectangular and circular shield plates is

comparable.  The  circular  shield  is  better  when  taking

shape and material into consideration.
 
 

Tab. 4　Eddy current loss of different shielding structures

Shielding structure Eddy current loss/MW

Rectangular 21.668

Toroidal 29.185

Circular 21.957
 
  

3.4    Structure simulation
According to Maxwell, it was possible to determine

the  magnetic  induction  intensity  of  the  connecting  bars
under  various  shielding  structures.  By  mapping  the
results  synchronously  in  the  mechanical  field,  it  is

possible to see how different  shielding structures affect
the deformation of the connecting bar.

In a three-dimensional Mechanical, the two ends of
the  connecting  bar  are  fixed.  Considering  practical
factors,  the  connecting  bar  is  affected  not  only  by  the
electromagnetic  force  transmitted  by  Maxwell  but  also
by its gravity. In Fig. 18, it is found that the deformation
of the connecting bar mainly occurs in the middle part,
which is also the place where the electromagnetic force
is the greatest.

The  calculation  results  are  shown  in  Tab.  5.
Calculate  the  electromagnetic  force  and  equivalent
stress  on  the  connecting  bar  of  different  shielding
structures. The equivalent stress is much lower than the
250  MPa  yield  strength  of  the  connecting  bar,  and  the
safety  margin  is  sufficient.  When  the  pulse  inductor  is
not  shielded,  the  maximum  deformation  of  the
connecting  bar  reaches  1.974  mm.  The  connecting  bar

 

Type:Total Deformation
Unit: mm
Time:1
Deformation Scale Factor: 14 (0.5x Auto)

1.974 Max
1.755
1.536
1.316
1.097
0.878
0.658
0.439
0.219
0 Min

(a) Unshielded structure

(b) Rectangular shielding structure

Type:Total Deformation
Unit: mm
Time:1
Deformation Scale Factor: 84 (0.5x Auto)

0.335 Max
0.298
0.261
0.223
0.186
0.149
0.112
0.074
0.037
0 Min

0 125 250 375 500 mm

0 125 250 375 500 mm

Max point:1.974 4

Max point: 0.335 2
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variable  is  significantly  lessened  by  masking.  Among

them,  the  circular  shield  structure  has  the  best  effect,

with the maximum shape variable of 0.158 mm and the

average  shape  variable  of  0.079  mm.  This  successfully

lessens  the  impact  of  the  electromagnetic  force

produced  by  the  pulsed  inductor  on  the  surrounding

machinery.  

4    Conclusion

In this  article,  when the shielding plate  material  is
aluminum,  the  pulse  inductor  has  the  best  optimization
effect  on  the  electromagnetic  field  distribution  of  the
connecting  bar.  When  considering  the  shielding  plate
structure, the shielding effect of circular shielding plates
is  the  most  ideal.  In  summary,  the  use  of  circular
aluminum  shielding  plates  can  effectively  reduce  the
magnetic  induction  intensity  and  electromagnetic  force
of the connecting bar, and improve the overall reliability
of the QPS. However, the simulation in this article only
analyzes  and  calculates  the  influence  of  shielding  plate
materials  and  structures  on  the  electromagnetic
distribution  of  pulse  inductors.  Therefore,  this
conclusion  will  be  verified  through  experiments  in  the

 

(c) Toroidal shielding structure

(d) Circular shielding structure

Type:Total Deformation
Unit: mm
Time:1
Deformation Scale Factor: 33 (0.5x Auto)

0.857 Max
0.762
0.666
0.571
0.476
0.381
0.286
0.190
0.095
0 Min

Type:Total Deformation
Unit: mm
Time:1
Deformation Scale Factor: 1.8E+002 (0.5x Auto)

0.158 Max
0.140
0.123
0.105
0.876
0.070
0.053
0.035
0.017
0 Min

0 125 250 375 500 mm

0 125 250 375 500 mm

Max point: 0.856 7

Max point: 0.157 7

Fig. 18　Deformation of connecting bar under different shielding structures

 

Tab. 5　Connecting bar deformations under different shielding
structures

Shielding
structure

Connecting
bar

electromagnetic
force/N

Equivalent
stress/
MPa

Maximum
deformation/

mm

Average
deformation/

mm

Unshielded 809.630 － 1.974 0.712

Rectangular 264.320 13.6 0.335 0.157

Toroidal 467.810 30.5 0.857 0.420

Circular   72.185 10.3 0.158 0.079

#Note: The yield strength of copper is 250 MPa, and the ultimate tensile
strength is 343 MPa.
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next step, and other factors affecting the shielding effect
will be considered.
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项目简介：

项目名称　聚变堆主机关键系统综合研究设施（2018-000052-73-01-

001228）

承担单位　项目法人单位：中国科学院合肥物质科学研究院 等离子体

物理研究所；参建单位：中国核工业集团公司核工业西南物理研

究院。

项目概述　设施主要建设内容为超导磁体研究系统和偏滤器研究系

统。超导磁体研究系统主要建设材料综合性能研究平台、导体性能研

究平台、磁体性能研究平台、环向场磁体、中心螺管模型线圈磁体、

高温超导磁体、 低温系统及电源系统。偏滤器研究系统主要建设偏

滤器等离子体与材料相互作用研究平台、偏滤器部件工程测试平台、

偏滤器原型部件、 全超导托卡马克核聚变实验装置下偏滤器、1/8真

空室及总体安装系统、负离子源中性束注入系统、电子共振加热系统、

高场低杂波电流驱动系统、离子回旋加热系统、遥操作系统、总控系

统等。

主要创新点　本设施科学目标是开展磁约束聚变堆边界参数下的等

离子体行为研究，探究主机关键系统和部件复杂动态负荷对主机系统

可靠性、稳定性、安全性的影响，评估偏滤器与超导磁体材料/部件在

堆工情况下的服役性能，为我国开展聚变堆设计及核心部件研发、热

与粒子排除关键问题研究、大规模低温和超导技术研究、强流离子束

与基础等离子体研究、深空探索等提供技术支撑。工程目标是建成参

数高、功能完备的综合性研究设施。

（编辑　徐嘉铖）
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